Spatial variability of aridity over northern India
Abstract. Spatial variability of aridity over northern India (north of 20~ is studied by oxaro, j~lng variations in the arid area. Area with an objectively determined summer monsoon rainfall (Juno to September total) of less than 500 mm is identified as arid area. The summer monsoon rainfall of 212 rain-gauges from 212 districts of the region for the period are used in the analysis. An interesting feature oftbe arid area series is that it shows decreasing trend from beginning of the present century. The summer monsoon rainfall fluctuations over five subjectively divided zon~ over northern India are examined to understand the association between rainfall al~d the arid area variations. The rainfall series for northwest India shows a signifiea_~t ~crc~ing trend and that for northeast India a significant decreasing trend from the be~nniflg of this century. Rainfall fluctuations over the remaining zones can be considered iat0rra0diate stages of a systematic spatial change in the rainfall pattern. This suggested that the recent decreasing trend in the arid area is due to a westward shift in the monsoon rainfall activities. From correlation enalyses it is inferred that perhaps the recent decreasing trend in the arid area and increasing trend in the monsoon rainfall over northwest India arc associated with a warming trend of the northern hemisphere.
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1, !ntroduetlon
Understanding climatic variability of the arid area of Northwest India, the Indian counterpart of the Thar desert, otherwise k n o w n as Rajasthan or Rajputana desert or the Great Indian desert, has been a problem of special interest. The importance of the area is that it is a part of the land mass which once (B.C. 2300 to 1750 + 100) hosted the people of the great Indus Valley, or H a r a p p a n culture. The Indus Valley culture is considered as the largest of the three most ancient civilizations of the world (Wheeler 1953),
The various climate variability studies for the Northwest India can be broadly grouped into two categories. Firstly, the long-term (on the time scales of centuries and millenia) variability studies which were carried out using a variety of proxy data, and were mostly intended to determine the climatic (rainfall) conditions during the period of the Indus Valley civilization. Results of most of these studies are given in a review !trticle by Pant and Maliekal (1987) . F r o m the available evidences, they have identified four broadly demarcated epochs namely, before 10000 yr B.P. (cold-dry); 10000 to 4500 yr B.P. (warm-humid with frequent floods); 4500 to 3500 yr B.P. (warm-humid equable climate with less extremes) and 3500 yr B.P. to present (warm-dry frequent droughts with seasonal extremes) in the climatic history of the region during the Holocene period. It is now accepted that compared to the present day, wetter climatic conditions 201 prevailed over the area, and decline of the culture occurred in association with a drastic decrease of rainfall (Singh et al 1974) .
Secondly, the short-term variability studies which were carried out using about a century-long instrumental data (see Parthasarathy and Dhar 1978) . Winstanley (1973) showed a declining trend in the monsoon rainfall and southward shift in the isohyets and the desert boundary at approximately 1 km/year over the 36-),r period from 1926 to 1961 over Sahara and Rajasthan. He had also predicted, by extrapolating a longterm rainfall trend, that 'around the year 2030, the isohyets and the desert climate will be some 150 to 180km further south than in 1930'. By the other investigators have found rainfall fluctuations over northwest India homogeneous and random in time domain. Contrary to Winstanley, in a recent study Pant and Hingane (1988) found an increasing trend in the annual and summer monsoon rainfall in and around Rajasthan desert.
Rajasthan is the most thickly populated desert of the world and a majority of the people are dependent on agriculture for their livelihood and therefore the desertification is a problem of serious concern. Desertification is highly dependent upon the loss of vegetation cover. Knowledge of the temporal variability of rainfall has been found to be of limited help to know the changes in the vegetation cover and desertification. Using satellite derived data on vigour and quantity of vegetation cover, numerous studies have demonstrated that there existed a close association between spatial variability of rainfall and the vegetation cover (ii) To understand association between the arid area and the summer monsoon rainfall variations over northern India, and (iii) To investigate impact of the wanning trend of the northern hemisphere on the arid area and rainfall variations over northern India.
Data used

The summer monsoon rainfall
The summer monsoon rainfall (June to September total) data of a long period 1871-1984 (114 yrs) from a network of 212 rain-gauges well spread over the subtropical (north of 20~ Indian region (figure 1) are used in the study. The 212 rain-gauges are located in 212 districts (a small administrative unit) of the study area. Details about this data set are given by Mooley and Parthasarathy (1984) . This processed data set was obtained from Dr. B Parthasarathy. Mountainous areas in the north which lie outside the conventional limits of the Asian summer monsoon regime are not considered in the study. These are shaded by horizontal lines in figure I . Thus, the study area is situated under the descending branch of the tropical Hadley circulation, 2.1a Arid area series: Singh (1984) demonstrated that Thornthwaite's type of climatic classification of India can be done using the mean annual rainfall alone. The arid zones
